IMPORTANCE Physicians frequently use cardiac monitoring, or telemetry, beyond the duration recommended by published practice standards, resulting in "alarm fatigue" and excess cost. Prior studies have demonstrated an association between multicomponent quality improvement interventions and safe reduction of telemetry duration.
C ardiac monitoring, or telemetry, can provide early detection of sudden cardiac death, identification and monitoring of arrhythmias, and evaluation of ST segment and QT interval changes.
1 Despite American Heart Association (AHA) indication-specific best practice standards, telemetry is overused, both in initiation and in duration of monitoring. [1] [2] [3] This results in excess cost and "alarm fatigue," a phenomenon of desensitization to alarms when they are frequently false or irrelevant. [4] [5] [6] The American Board of Internal Medicine Foundation recommends a protocol to promote early telemetry discontinuation.
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Modifications to the electronic health record (EHR) can play an important role in attempting to reduce inappropriate telemetry use; however, studies analyzing this effect have been methodologically limited. [8] [9] [10] [11] Multicomponent interventions obscure the effect of a single EHR modification; single-armed studies are difficult to interpret without a control; and a lack of evaluation for potential adverse outcomes reduces confidence in the safety of the intervention. Thus, the safety and efficacy of a targeted EHR intervention is not known. Herein, we report the results of a cluster-randomized clinical trial using AHA practice standard-concordant alerts in the EHR to safely reduce telemetry duration.
Methods

Setting and Participants
This study was conducted on the general medicine service of the Division of Hospital Medicine at the University of California, San Francisco (UCSF) Medical Center (Supplement 1). The general medicine service includes patients in the intensive care unit (ICU), but they were excluded from the study population because monitoring is often mandatory in patients with critical illness. This study also excluded patients who did not receive cardiac monitoring during their hospitalization. The study received institutional review board approval from the UCSF Human Research Protection Program (15-17527), waiving patient written informed consent. The trial is registered at ClinicalTrials.gov as NCT02529176.
Appropriate indications and duration for telemetry orders were already incorporated in the EHR (Hyperspace; Epic Systems Corporation) when this study was designed ( Table 1) . These were developed 5 years ago using 2 main sources: 2004 AHA practice standards 12 and expert opinion from UCSF faculty in hospital medicine, cardiology, cardiac surgery, and neurology.
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Randomization
The general medicine service consists of 8 house-staff teams (designated A-H) and 4 attending, hospitalist-only teams (numbered 1-4). Patients admitted to the house-staff teams are assigned in the order they present to the hospital and can therefore be viewed as randomly distributed. A similar circumstance exists for the hospitalist-only teams. Patients on the housestaff teams are more similar to one another with regard to medical conditions and level of acuity than they are to patients on the hospitalist-only teams. Thus, to balance patient characteristics in the 2 arms of our study, we grouped teams A through D and 1 and 2 into 1 group and teams E through H and 3 and 4 into another group. Then we randomly assigned the former group to the intervention arm and the latter group to the control arm (Figure) . Because patients cluster within teams, our intervention is cluster randomized.
Intervention and Control Descriptions
We configured an EHR clinical decision support alert to trigger for patients admitted to the intervention teams (A-D and 1 and 2) in which a window would pop up on a physician's computer screen when the following criteria were met: (1) the physician was logged into the EHR in their role on the general medicine service; (2) the patient was not in an ICU setting; (3) the patient had an active telemetry order; (4) the duration of the telemetry order had surpassed its indication-based recommended duration; (5) the current time was between 7 AM and 5 PM; and (6) the physician was engaged in order entry. The time restriction was intended to maximize exposure of the alert to primary, rather than cross-covering, physicians. Similarly, the restriction to trigger during order entry was intended to minimize alert display to consultants. The alert prompted physicians to write a telemetry discontinuation order, write a new telemetry order, or dismiss the alert. The study did not include an educational or audit and feedback campaign, although the goal of telemetry duration reduction had been communicated through prior initiatives.
13
For teams in the control arm, no alerts pertaining to telemetry were displayed to physicians.
Outcomes
The primary outcome was telemetry hours per patient encounter. We measured the primary outcome via time stamps on telemetry orders in the EHR database.
We assessed potential adverse outcomes associated with discontinuation of telemetry via our secondary outcomes of rapid-response calls and medical emergency events. These measures were recorded in the EHR via templated notes that we acquired from the EHR database. This method of counting rapid responses and emergency events was verified to be accurate and complete by manual medical record review.
Key Points
Question Can an electronic health record (EHR) alert, targeted to the right physician at the right time, safely reduce unnecessary inpatient cardiac monitoring?
Findings In a cluster-randomized clinical trial of 1066 hospitalizations, teams on a general medicine service received an EHR alert when a patient's telemetry order exceeded the duration recommended for the monitoring indication. In response to the alert, physicians chose to discontinue monitoring 62% of the time, resulting in a reduction of monitoring duration per hospitalization with no increase in potential adverse events.
Meaning A targeted EHR alert appears to safely reduce unnecessary cardiac monitoring without the need for human resources devoted to monitoring use or physician feedback.
Power Calculation and Analysis
We performed a power calculation prior to the trial using data from a past telemetry-reduction campaign to estimate an anticipated 20% reduction in telemetry hours, from 50 hours (our baseline) to 40 hours. 13 Assuming 75% of patients in the present study would have usable data, and assuming 204 discharges from the general medicine service each month, we calculated that this trial would need 6 months to accrue the necessary 1022 patients. We used a team-level intervention but a patient-level primary outcome (telemetry hours), so we used generalized estimating equations with the Wald test and robust standard errors to analyze the difference in the mean of our primary outcome. We assessed the difference in the proportion of hospitalizations with a rapid-response event using the z test and the difference in the proportion of hospitalizations with a medical emergency event using Fisher exact test.
Results
Teams caring for patients in the intervention arm received the alert, when conditions were met to trigger it, from November 2016 to May 2017. There were 1066 hospitalizations that included non-ICU cardiac monitoring during the study period: 499 in the intervention arm and 567 in the control arm. These hospitalizations represented 1021 unique patients for which there was no significant difference in age, sex, race, marital status, primary language, or insurance status ( Table 2) .
Two hundred clinical decision support alerts were generated in the intervention arm. The mean telemetry hours per hospitalization was 50.0 in the control group and 41.3 in the intervention group, which was a reduction of 17% (Table 3) . Accounting for clustering at the team level, the intervention effect was −8.7 hours (95% CI, −14.1 to −3.5 hours; P = .001) per hospitalization. We estimated that the cumulative reduction in telemetry for the intervention arm relative to the control was approximately 8.7 × 499 = 4341 hours, or 181 days.
There was no significant difference in proportion of hospitalizations with a rapid-response call or medical emergency event between the arms of the trial (Table 3) .
Physician responses to the telemetry alert are presented in Table 4 . Of 200 alerts, 62% (n = 124) of the time physicians discontinued the current telemetry order; 21% (n = 41) of the time they reordered telemetry; and 7% (n = 14) of the time they dismissed the alert without taking action. In the remaining 11% (n = 21) of cases, physicians acknowledged the alert but chose to maintain their current orders.
Discussion
In this cluster-randomized trial at a large academic medical center, a targeted alert prompting physicians to discontinue telemetry when the recommended duration had expired resulted in a significant reduction in hours of monitoring. This reduction was achieved without a concomitant educational or audit and feedback campaign, without human resources dedicated to monitoring telemetry use, and without an increase in adverse events as measured by rapid-response or medical emergency activation.
A prior study with a before-after design by Dressler and colleagues 8 demonstrated that changes to EHR orders and nurse assessments could safely reduce telemetry duration hours by 43%. Another before-after study by Edholm and colleagues 10 included a modification of the EHR that caused telemetry orders to expire after a duration determined by the order's indication. The multicomponent intervention group in that study demonstrated a reduction of 65%. The present study extends the prior studies in important ways. First, we demonstrate that an EHR alert targeted to the right clinicians (primary team physicians), at the right time (daylight hours, while the physician is writing orders), with the right clinical context (telemetry exceeds recommended duration) can succeed without an associated educational or audit and feedback campaign. Second, we demonstrated this in a randomized trial that minimized the effects of secular trends or unmeasured confounders. Finally, we were able to demonstrate that when physicians were shown these targeted alerts, their majority behavior was to act in a practice standard-concordant way. The reduction in telemetry hours in this study is notably smaller than in the study by Dressler and colleagues 8 and smaller than the multicomponent intervention group in the study by Edholm and colleagues. 10 However, both of these studies included interventions outside of a pure EHR modification. The 17% reduction in the present study is close to the reduction seen in the nonhospitalist, EHR-only intervention group in the study by Edholm and colleagues. 10 It therefore appears that the effect size from making changes only to the EHR is smaller than what can be expected from including other elements typical of quality improvement interventions, such as educational and audit and feedback, but the EHR-only intervention is less costly and more scalable. We chose to randomize the intervention by team, rather than patient or individual physician. Randomization by patient would have resulted in a given physician seeing the alert for some of the patients and not for others. Seeing alerts for some patients could prompt the physician to change their monitoring practices on all patients, including those randomized to control. This creates a "bleed over" of the effect of the intervention into the control arm, which would reduce the power of the intervention. Randomization by individual physician would result in some members of a team receiving the alert while others do not. This could lead to a bleed-over effect within the team because physicians in the intervention arm would likely tell their teammates in the control arm about the alerts they see.
With respect to team-level randomization, it is possible that, during the study period, a physician could have worked on an intervention team and then a control team, thus resulting in a bleed over of their telemetry reduction practice. However, this scenario is unlikely. First, both residents and attending physicians at UCSF Medical Center perform a variety of clinical services at a variety of locations, so being scheduled for repeated ward shifts in the same location in a 6-month period is uncommon. Second, to create interteam bleed over, the physician would have to coincidentally work first on an intervention team and then later on a control team because the other 3 possibilities, such as control to intervention or intervention to intervention, would have created no opportunity for the physician to bring their changed practice to a control team. Finally, the EHR alert would have to create such a lasting impression on the physician's practice that it continued to have an effect weeks or months later when the physician was back on service and no longer seeing the alert.
Limitations
There are several important limitations to this study. First, it is a single-center study at a large academic medical center, so the findings may not generalize to other settings. Second, the indication-specific recommendations for duration of telemetry were in part informed by local expert opinion and are more permissive than national practice standards. 1 For example, we included indications beyond these standards, such as acute pulmonary embolism and severe sepsis. Finally, the preintervention mean telemetry hours at the UCSF Medical Center general medicine service was already lower than the baseline in prior studies, 8, 9 which may have limited the effect size of this intervention.
Conclusions
This study demonstrates a safe reduction in unnecessary cardiac monitoring using a simple, targeted EHR intervention without the need for intensive human resources or nonenduring educational campaigns. 
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The harms of telemetry overuse are myriad: 1) Frequent false or unimportant alarms lead to alarm fatigue and studies have documented patient harm when subsequent real alarms were ignored. False alarms also often necessitate a visit to the patient by the nurse and this distracts the nurse from other patients, 2) Monitoring patients without an active cardiac condition often reveals clinically unimportant abnormalities that physicians feel obligated to work up, simply by virtue of having seen them on monitor. The work-up then results in unnecessary cost and anxiety, 3) Leads on the patient's chest often fall off with movement and have to be replaced by the nurse. This discourages patients from getting more exercise and sleep while they are hospitalized, which are risk factors for muscle atrophy and delirium, respectively, 4) Telemetry is not available for all hospital beds at UCSF and even units where it is available have limitations for the types of arrhythmias they can monitor. Thus, telemetry monitoring for a patient who does not need it can prevent another patient from having timely access to a monitor-capable bed.
In order to reduce unnecessary telemetry use, we propose to use a best-practice alert (BPA) delivered to physicians by the electronic medical record (Apex). We propose to study this BPA in a randomized trial.
Physicians on the Medicine service would be randomized to either receive or not receive the BPA on their patients during a six month study period. We would examine both groups for the following outcomes: physician response to the alert, total hours of telemetry used, number of rapid response activations for arrhythmic events, and number of code blue events.
Preliminary studies:
(See bibliography below) 1) Observational study of 2,240 patients admitted to a telemetry unit found that only 0.8% of patients were transferred to the ICU because of an arrhythmia 2) Observational study of 100 patients on the Medicine service at UCSF found no episodes of lifethreatening arrhythmia during the duration of their telemetry monitoring 3) Observational, multi-site study of 501 inpatients on telemetry found that 35% of telemetry days lacked a guideline-based indication for monitoring with an estimated yearly cost of $250,000. 4) Pre-post study of a telemetry order expiration paired with a best-practice alert to nurses resulted in a 70% reduction in patients on telemetry with no significant increase in adverse outcomes, as measured by rapid response and code blue activations. The intervention in this trial is directed at physicians, not patients. There are 64 physicians (residents and attendings) on service each month and the trial will last six months. This is a total of 384 physicians. Thus, each arm of the trial will have 192 subjects in it. Each physician cares for multiple patients.
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